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Four liquid crystals (LC) 3,7a-bis(4-alkyloxyphenyl)-7,7a-dihydro-6H-isoxazolo[2,3-d][1,2,4]oxadiazol-6-yl)acetic
acid (7a–d) were synthesised and the mesomorphic behaviour reported. The LCs were characterised as
2:1 bisadducts, which were obtained from a double [3+ 2] 1,3-dipolar cycloaddition. In the first step, the cycload-
dition of 4-alkyloxyphenylnitrile oxide (4a–d) and vinylacetic acid (5) gave the initial unobserved 1:1 cycloadducts
2-[3-(4-alkyloxyphenyl)-4,5-dihydroisoxazol-5-yl]acetic acid (6a–d). In the second step, the addition of a second
equivalent of 4 to 6 yielded the 2:1 bisadducts 7a–d without any traces of 6. All compounds 7a–d were unstable
during the transition from the mesophase to the isotropic state upon first heating as evidenced by the large peaks
in the differential scanning calorimetry traces. Due to the chemical instability of the compounds upon heating, the
transition temperature related to the smectic C to smectic A transitions was acquired by means of an image process-
ing method. X-Ray diffraction experiments were also used to analyse the liquid-crystalline phases. A theoretical
calculation was performed using density functional theory (DFT) methods at the PBE1PBE/6-311+G(2d,p) level
(with solvent effect) in order to get information about the energetic profile of the 2:1 cycloaddition. DFT stud-
ies revealed that the cycloaddition process is controlled by the HOMO(dipolarophile) – LUMO(1,3-dipole), and that the
double [3+ 2] 1,3-dipolar cycloaddition reaction is quite possible.
Keywords: cycloaddition [3+2] arylnitrile oxide, 2:1 bisadducts; liquid crystals; image processing method
1. Introduction
Five-membered heterocyclic compounds, such as imi-
dazoles [1], tetrazoles [2], oxadiazoles [3], isoxazoles
[4], furans [5] and others [6–9], are ubiquitous in nature
and have a wide variety of biological functions. More
specifically, the biological activity of the 3,5-, 3,4-, and
4,5-disubstituted isoxazoline rings have led to their
incorporation in pharmaceutical compounds [10–11].
From a synthetic point of view, the isoxazolines are
important molecular precursors for the preparation of
β-hydroxyketone [12], polyketide fragments [13] and
others.
Because of the diverse chemical transformations
available to the isoxazoline ring, organic compounds
possessing this heterocyclic moiety represent an attrac-
tive way to synthesise new types of organic mate-
rials with potential technological applications [14].
In our search for new liquid crystal (LC) molecules
we have utilised the [3+ 2] 1,3-dipolar cycloaddition
as a suitable methodology to prepare the rigid core
of the heterocyclic liquid-crystalline compounds. It is
well established that the reaction of nitrile oxides
with alkenes, as the dipolarophile, yields the expected
1:1 monoadduct. However, if the alkene is less reactive
*Corresponding author. Email: aloir@iq.ufrgs.br
than the normal cycloadduct, a second cycloaddition
event takes place. In this sense, the reaction can fol-
low another pathway in which the isoxazoline product
acts as dipolarophile due to its high reactivity when
compared with the alkene. Under such circumstances,
2:1 bisadducts can be obtained. The formation of
bisadducts was already reported some years ago by
Pétrus et al., [15]Wang et al. [16] andKim [17]. Bianchi
and co-workers reported such bisadducts in their
investigation on the reactivity of dipolarophiles with
endocyclic C=C bonds and benzonitrile oxide [18].
They characterised their monoadduct and bisadduct
structures by spectral analysis and chemical methods.
This same class of bisadduct was also synthesised by
the Caramela group in which the crystal structure of
one bisadduct, formed by using N-vinylcarbamate as
a less reactive dipolarophile, was obtained by X-ray
crystallography [19]. In 1993, an article published by
Jonas et al. about the cycloaddition of benzonitrile
oxide to 3-methylene furanones appeared in the liter-
ature showing complementary structural information
based on the NMR-spectral data of the cycloadducts
as well as, on an X-ray crystal structure analysis
[20].
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Figure 1. The 2:1 cycloadducts obtained by the double [3+ 2] 1,3-dipolar cycloaddition reaction.
Our laboratory has considerable experience with
the synthesis of new LCs based on 2-isoxazolines (2-
isoxazolines) through the use of the above method-
ology [21, 22]. Here, we report the synthesis of new
2:1 bisadduct LCs and investigate their mesomorphic
behaviour. Figure 1 outlines the general preparation
of the bisadducts from the [3+ 2] 1,3-dipolar cycload-
dition of arylnitrile oxides with vinylacetic acid as
electron-deficient alkenes.
2. Synthesis
Scheme 1a describes the synthesis of the homologous
series 7a–d obtained as 2:1 cycloadducts. The initial
step was the alkylation reaction of benzaldehyde 1
with a variety of 1-bromoalkanes giving the alkylated
products 2 in 90–95% yield [21, 23].
Next, the addition of hydroxylamine hydrochlo-
ride to 2 yielded the corresponding oxime 3 in good
yields [24–26]. The nitrile oxide 4, which was gener-
ated in situ by exposure to the NCS oxidant agent,
reacted regioselectively with vinylacetic acid 5 to give
the desired products 7a–d. Under these conditions no
traces of monoadducts 6 were detected from the 1H
NMR spectrum of the crude product. It should be
noted that, the bisadducts 7a–d were obtained even
when the reaction was carried out in a large excess
of the dipolarophile 5. In the reaction using methyl
10-undecenoate ester as the dipolarophile and nitrile
oxide 4b, the only product that was isolated in a good
yield was the corresponding monoadduct [24]. No fur-
ther cycloaddition between the endocyclic C=N bond
of the 2-isoxazoline of type 6 and the methyl ester
was observed after 6 h of reaction. The cycloadduct
was prepared using undecenoate methyl ester (1 equiv.)
and oxime (1 equiv.) in the presence of NCS in 67% of
yield following the experimental procedure according
to [23] (Scheme 1c). No mesophase was observed for
this isoxazoline (mp.= 72◦C). The attempts to prepare
the bisadduct 7a by reacting 1,2,4-oxadiazole oxide 8
with dipolarophile 5 were unsuccessful. The oxadia-
zole oxide can be formed by the addition of one equiv-
alent of arylnitrile oxide 4a, which was formed in situ,
followed by the subsequent addition of one equivalent
of oxime 3a [27]. Furthermore, we failed to prepare the
corresponding 3,5-disubstituted isoxazolines 9 from
the cycloaddition of the aryloxime 3a and the aryl ester
derived from vinylacetic acid 5 due to the base-induced
isomerisation of vinylacetic acid to crotonic acid that
was observed in the esterification step [28–30].
The reaction of nitrile oxide 4a and the E-isomer
10 results in a reversal of regioselectivity yielding the
5-methyl 11a and the 4-methyl 11b cycloadducts in an
88:12 ratio as determined by the integration of the C-
4 and C-5 isoxazoline methine protons in the nuclear
magnetic resonance (NMR) spectrum of the crude
reaction mixture (Scheme 1b). Instead of forming the
aryl vinylacetic ester we observed the formation of cro-
tonate ester 10 in a 9:1 ratio in favour of the E-isomer
in the NMR of the crude reaction mixture. The E:Z
mixture of 10was purified by crystallisation in ethanol.
This procedure was made in order to block the possible
influence of the free carboxylic group of 5 during for-
mation of the bisadduct. The structures were initially
assigned on the basis of the relative chemical shifts
and coupling constants of the C-4 and C-5 methine.
These values are similar to the reported values in the
literature. See [28–30].
The formation of these novel 2:1 cycloadducts 7a–d
can be accomplished by an initial dipolar cycloaddi-
tion of the nitrile oxide 4 across the ethylenic bond of
5 to give the expected 3,5-isoxazoline 1:1 cycloadduct
6 as a transient intermediate. The next step then pro-
ceeds with the second dipolar cycloaddition of the
nitrile oxide 4 across the C=N bond of 6. Obtaining
the 2:1 cycloadduct in this step is due to the higher
reactivity of the C=N bond in 6 than the double bond
in the dipolarophile 5. The enhanced reactivity of 6
can be attributed to the presence of the oxygen atom
in the isoxazoline ring. The electronegativity of the
oxygen atom polarises the C=N double bond in the
orientation suitable for the cycloaddition of the nitrile
oxide 4.
3. Theoretical calculations
To further our density functional theory (DFT) stud-
ies, we chose benzonitrile oxide (12) as a 1,3-dipole
partner of vinylacetic acid (5) in the 1,3-dipolar
cycloaddition reactions. A theoretical calculation was
performed with the Gaussian 03 Program [31] using
DFT methods with the PBE1PBE hybrid functional
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Scheme 1a. Preparation of LC compounds 7a–d. Conditions: (a) RBr, KOH,DMF, C6H6 (90–95%); (b) HONH2·HCl; AcONa,
EtOH, H2O (73–93%) and (c) vinylacetic acid (9), NCS, pyridine, CHCl3 (40–55%).
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employing a 6-311+G(2d,p) basis set [32] including
solvent effect (CPCM/THF) [33]. The DFT calcu-
lation reveals that the following mechanism is quite
possible: it starts as a normal 1,3-dipolar cycload-
dition reaction to produce the 1:1 product 13; then
the benzonitrile oxide continues to react with 13 and
gives the corresponding 2:1 cycloadduct 14. In order
to quantify our analysis, we decided to calculate the
Frontier Molecular Orbitals (FMO) energies of the
initial and intermediate dipolarophiles 5 and 13 as well
as the 1,3-dipolar reagent 12. The calculated HOMO
and LUMO energies of the reactants are depicted in
Figure 2. As stated above, we calculated the FMO for
the 1,3-dipole 12 without the alkyl chain bonded to
the benzene ring as well as the dipolarophile 5 and
the isoxazoline 13 (as a 1:1 cycloadduct of the first
cycloaddition). The calculated data predict that at the
beginning of the reaction, interactions I and II are pos-
sible. The energy gap of I is smaller than II and this
suggests that the cycloaddition process is controlled by
the HOMO(dipolarophile) – LUMO(1,3-dipole). As the reac-
tion moves forward the concentration of 5 decreases.
Under these conditions, dipolarophile 13 competes
with 5 to react with the nitrile oxide 12 due to the
high reactivity of 13. The calculations showed that the
interaction described by IV is highly favoured over I by
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Figure 2. FMO energies (eV× 10−2; HOMO and LUMO) calculated at the PBE1PBE/6-311+G(d,p) level of the vinylacetic
acid (5), benzonitrile oxide (12) and isoxazoline 13 (left) and transition states TS1 and TS2 for the first and second cycloaddition
(right), respectively, to give 14.
E ∼ 0.036 eV. Therefore, the second cycloaddition
would be favoured to occur between the new dipo-
larophile 13 and the 1,3-dipolar component 12.
The dominant interactions that control the
approach of both reactants depends upon the relative
levels of the FMOs. The results of our calculations
predict that routes I and IV will be controlled by
the LUMO(1,3-dipole) – HOMO(dipolarophile) interactions
because these energy gaps are smaller than the compet-
ing 1,3-dipole-HOMO–dipolarophile-LUMO energy
gaps. Furthermore, it is important to consider that
the energy levels of the HOMO and LUMO can
be affected by (de)stabilising effects such as com-
plexation of Lewis acid and hydrogen bond interac-
tions [34–36]. The regioselectivity observed can also
be rationalised using the orbital coefficients of the
HOMO and LUMO, which are in accordance with the
literature [37–39]. A complete theoretical study of this
reaction is under analysis and will be reported soon.
The structural characterisation of the new liquid
crystalline cycloadducts 7a–d was made by means
of combustion analysis, proton (1H), carbon (13C)
NMR spectroscopic techniques (H - H Correlation
Spectroscopy H,H-COSY, Heteronuclear Multiple
Quantum Correlation HMQC and Heteronuclear
Multiple Bond correlation HMBC), EI-MS and high-
resolution mass spectrometry (HRMS) (ESI) [15, 20,
23, 40–43].
4. Mesomorphic behaviour and thermal analysis
The LC properties of the cycloadduct 2:1 were
investigated using differential scanning calorimetry
(DSC), X-ray diffraction (XRD) and polarising
optical microscopy (POM) [44–46]. The thermal data
were collected by image processing of the textures
captured by POM at 0.5◦C min−1, while taking into
account the thermal instability of these compounds
above the melting point. The solid sample of 7a was
chosen and subjected to thermogravimetric analysis
(TGA). The curve of the solid sample showed no
apparent weight loss at 50–140◦C. Above this tem-
perature, the TGA curve displayed two decomposi-
tion modes. The first weight loss (ca. 28%) started
at around 140–200◦C and is probably related to the
elimination of vinylacetic acid or 2-ketobutanoic acid
and occluded solvent from crystallisation. The sec-
ond and third weight loss (ca. 51%) started at around
220–290◦C and the whole decomposition is completed
around 500–600◦C.
The thermal degradation was detected by POM
and DSC analyses. Figure 3 shows the modifica-
tion that occurs when the bisadduct samples are
heated for the first time. When 7c melts to the
smectic phase, a broken fan-shaped texture appears
(Figure 3(a)). As the temperature increases, the orig-
inal texture gradually changes to a focal conic-
fan texture (Figure 3(b)). The texture observed is
assigned to the smectic C (SmC) and smectic A
(SmA) mesophases, respectively. As the temperature
approaches the clearing point, some back circles
appear indicating the decomposition of the sample as
seen in Figure 3(b). Surprisingly, despite their ther-
mal degradation and unknown compositions, the POM
analysis of the heated samples afterwards shows that
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(A)
(B)
(C)
Figure 3. Textures images exhibited by the compound 7c.
(A) Broken fan-shaped texture of SmC on first heating. (B)
Focal conic-fan texture of SmA phase at 137.5◦C in the first
heating cycle. In the same sample, an extinct region (black
circle at middle of the picture) was also observed, indicating
thermal decomposition of the sample. (C) Schlieren texture
of the SmC phase taken at room temperature after three
cycles of heating and cooling at room temperature.
some liquid-crystalline behaviour is retained, as seen
in Figure 3(c). This behaviour is also observed in the
DSC traces in Figure 4(a) and 4(b). The irregular
shapes of the peaks observed in Figure 4(a) are an
indication of the chemical instability of these com-
pounds when heated. The degradation was also cor-
roborated from the second DSC trace collected at a
rate of 10◦C min−1 (Figure 4(b)). The peak shape,
Tonset, as well as the peak temperature is shifted
to lower values (Figure 4(b)). Transitions between
the crystal-to-crystal phase were often observed for
the solution-crystallised virgin samples of a majority
of the 2:1 cycloadducts in the first heating cycle.
Such polymorphism may be due to the differences
in the molecular structures. The polymorphic forms
vanished after the first heating/cooling cycles because
of thermal degradation of the compounds.
The onset temperature (Tonset) shows a good cor-
relation with the temperatures observed by POM and
image processing methods. Also, the peak size and
broadening data gives us an indication that some-
thing happens when the samples melt to the liquid
crystalline state. The Tonset was also collected from
the 1st and 2nd heating scans. For instance, Tonset for
7a is 125◦C, and this is the temperature (126◦C) in
which compound 7a enters into the SmC mesophase,
as observed by the processed image. In this sense, the
thermal response of the sample using Tonset can be
deduced. The peak temperature at 133◦C does not cor-
relate with transitions between mesophases due to the
irregular shape of the peaks as a consequence of the
thermal degradations.
The area under the main peak (temperature peak)
of the DSC traces (Figure 4(a)) shows the tempera-
ture range observed for these compounds. A large and
irregular peak forms during the transition from the
crystal phase to the mesophase and the mesophase
to the isotropic phase. This is consistent with the
degradation process and can be used to determine
when the samples go into the isotropic liquid state.
The onset temperature listed in Table 1 and the
microscopic observations reveal that the heat-induced
decomposition yielded a new mixture, which was a
LC (Figure 3(c)). However, we could not observe the
focal conic-fan texture in this series of cycloadducts
7a–d upon heating. Although the thermal heating
induces significant changes in both chemical struc-
ture and mesomorphic behaviour as a consequence
of the decomposition process, the liquid-crystalline
properties are not lost completely. Upon cooling
from the isotropic state during the first cycle, the
samples enter into a LC mesophase showing the
Schlieren texture characterising the phase as being
SmC (Figure 3(c)). The new texture observed after
the first heating (observed from decomposed sam-
ples) remains unchanged even at room temperature for
several weeks.
Considering the instability of these com-
pounds and the troubles associated with the exact
determination of the transition temperature of the
SmC–SmA transition, an image processing method
developed by Montrucchio et al. [47], was utilised.
In this method, the textures exhibited by the liquid
crystalline phases are captured as a function of the
sample temperature. From these calculations, we
obtained the mean square deviation (σ ) of the image
tones, where the appearance of discontinuities as
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Figure 4. DSC thermograms of 7a–d upon heating/cooling stages: in (A) 1st run and (B) 2nd run, at a rate of 10◦C min−1.
a function of the temperature is related to a phase
transition. This method is particularly an important
tool for the identification of phase transitions with
reduced enthalpy, e.g., the SmC–SmA transition
[48]. Figure 5 represents the calculated values of σ
as a function of the temperature during the heating
process of compound 7c until the isotropic phase.
The graph shows that σ is essentially constant until
the crystal (Cr)–SmC transition at 131◦C. After
this transition, the value of σ increases gradually
due to the appearance of the birefringent domains
of the SmC phase. A smooth discontinuity in the
behaviour of σ is seen at 136◦C, which indicates the
SmC–SmA transition. After this transition the value
of σ continues to increase until the SmA–isotropic
(I) transition at 138◦C. Then, σ decreases due to
the appearance of the dark domains exhibited by
the I phase until the texture becomes totally dark
at 139◦C. All the compounds presented similar
graphs and the transition temperatures are listed in
Table 1.
The structure of the liquid-crystalline phases
observed by these compounds was confirmed by
XRD experiments. All the patterns recorded contain
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Figure 5. Calculated values of σ shown as a function of temperature for compound 7c. The phase transitions are indicated.
Table 1. Transitions temperatures (◦C) of the cycloadducts 7a–d.
Heating cyclea
LC Cr SmC SmA I Tonsetb Tonsetc
7a  126  128  131  125 110
7b  137  138  139  138 112
7c  131  136  138  133 110
7d  132  135  137  130 109
a Data obtained by the image processing of the textures captured by POM (0.5◦C min−1). b,c
Determined by DSC (10◦C min−1) during the 1st heating and 2nd heating scan, respectively.
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Figure 6. XRD diffraction patterns of compound 7a showing the SmC–SmA transition upon increasing temperature. The
patterns were collected at intervals of 2◦C.
a sharp peak in the low-angle region, arising from the
reflection of the X-ray beam on the smectic layers,
and its corresponding higher order peak. The smectic
order was confirmed by the ratio of the value obtained
for the inter-layer spacing (corresponding to the first
maximum and denoted by d001) with respect to the
value obtained for the second order peak (denoted by
d002). It is well known that this ratio must obey the
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1:2:3 relationships in the smectic phases [49]. In our
case, for compound 7a, d001/d002 = 1.98 and 1.99 for
SmA and SmC, respectively (see Figure 6). The inter-
layer spacing (d001) was obtained by applying Bragg’s
law to the first maximum. For the peaks at 2θ = 3.1◦
(d001 = 28.1 Å, inter-layer spacing of the SmC) and
2θ = 2.2◦ (d001 = 39.9 Å, inter-layer spacing of the
SmA). This indicates that by increasing the tempera-
ture, a phase transition occurs where the layer spacing
increases considerably. Such behaviour is consistent
with the SmC–SmA transition, where the molecules
change from a tilted orientation to a perpendicular ori-
entation with respect to the normal orientational order
of the smectic layers. Thus, the SmC–SmA transition
of compound 7a was confirmed with this analysis. It is
important to emphasise that the coexistence of the
SmC and SmA peaks is due to a temperature gradient
in the sample.
5. Conclusions
In this work we prepared a new homologous series
of LC bisadduct compounds 7a–d via a 1,3-dipolar
cycloaddition reaction of various nitrile oxides and
the vinylacetic acid dipolarophile. The mesomorphic
behaviour was investigated using POM, XRD, DSC
and image processing, and the chemical stability was
checked by TGA analysis. Upon the first heating, com-
pounds 7a–d exhibited SmA and SmC mesophases
and were unstable showing thermal degradation.
Using an image processing technique, the SmC to
SmA mesophase transition temperature was detected
while the structure of the liquid crystalline phases
was confirmed with XRD experiments. A theoreti-
cal calculation was performed using DFT methods
at level PBE1PBE/6-311+G(2d,p) including solvent
effect (CPCM/THF) to explain the formation of these
new LC compounds.
6. Experimental
6.1. Instruments and techniques
4-Hydroxybenzaldehyde, 1-bromoalkanes, hydroxy-
lamine hydrochloride, N-chlorosuccinimide (NCS),
sodium acetate and vinylacetic acid were purchased
from Aldrich and used as received unless oth-
erwise specified. Pyridine and toluene were dis-
tilled under reduced pressure under argon immedi-
ately before use. All other commercial solvents and
reagents were used without further purification. The
melting points and mesophase transition tempera-
tures and textures of the samples were determined
using an Olympus BX43 polarising microscope in
conjunction with a Mettler FP-90 controller, FPHT82
heating stage and DSC 2910 TA Instruments. NMR
spectra were obtained on a Varian 300 MHz instru-
ment. Chemical shifts are given in parts per million
(δ) and are referenced from tetramethylsilane. Infrared
spectra were recorded on a Perkin-Elmer Spectrum
One FTIR Spectrometer Instrument using NaCl
plates (solids) and as a thin film supported between
NaCl plates (liquids) and are reported as wavenum-
bers (cm−1). Low-resolution mass spectra (MS) were
obtained on a Shimadzu CG-MS-QP5050 Mass
Spectrometer interfaced with a Shimadzu GC-17A
Gas Chromatograph equipped with a DB-17 MS
capillary column. Electrospray ionisation (ESI)-MS
data were collected on a Waters® Micromass® Q-
TOF MicroTM Mass spectrometer with a Z-spray
electrospray source. The samples were infused from a
100 μL gas-tight syringe at 5 μL min−1, via a syringe
pump. The instrument settings were: capillary volt-
age 4500 V, cone voltage 50 V, source temperature
100◦C, desolvation gas temperature 100◦C. Nitrogen
was used as the desolvation gas. CHN analyses were
performed on a Perkin-Elmer 2400 CHN Elemental
Analyser. The XRD experiments were carried out
with the X’PERT-PRO (PANalytical) diffractometer
using CuKα radiation (λ= 1.5418 Å) with an applied
power of 1.2 kV. The scans were performed from 2–30
deg. (2θ angle) and the diffracted radiation collected
with the X’Celerator detector. The diffraction pat-
terns were collected during the heating of a certain
amount of the desired compound on a glass plate
placed in the diffractometer chamber on a TCU2000 –
Temperature Control Unit (Anton Paar), which
allows temperature control of the sample during the
measurement.
6.2. Synthesis and characterisation
The synthesis of the 4-alkyloxybenzaldehydes
(2a–d) and the benzaldehyde oximes 3a–d were
prepared according to the procedure describe in
[23–26].
6.2.1. General procedure for the cycloaddition
reactions
To an ice-cooled solution of CHCl3 (13 mL), viny-
lacetic acid (5) (4.8 mmol), pyridine (6.3 mmol) and
N-chlorosuccinimide (NCS) (4.8 mmol) under argon
atmosphere was added drop wise to a solution of
the corresponding oxime 3a–d (4.2 mmol) in CHCl3
(3 mL) for 40 min. The reaction was then stirred at
room temperature for 4 h. The solution was washed
with water and dried with Na2SO4 anhydrous. The
filtrate was evaporated under a reduced pressure and
the residue was purified by recrystallisation in toluene
(3 times) and once in ethanol to give the products 7a–d
as white solids.
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6.2.2. 3,7a-bis(4-Heptyloxyphenyl)-7,7a-dihydro-
6H-isoxazolo[2,3-d][1,2,4]oxadiazol-6-yl)acetic acid
(7a).
Yield: 0.72g, 53%; white solid; HRMS (ESI): m/z
calcd for [M]+ 552.3199, found [M+ 1]+ 553.3298;
[M+Na]+ calcd 575.3097, found 575.3068. EI-MS:
m/z 533 ([M+H]+) 235, 135 (100 %), 134, 107. 1H
NMR (300 MHz, CDCl3) δ 0.89 (m, 6H, (CH3)2),
1.38 (m, 16H, (CH2)8), 1.79 (m, 4H, (CH2CH2O)2),
2.87 (dd, 1H, NCCHHCH, J = 15.6, 7.5 Hz), 3.05
(dd, 1H, NCCHHCH, J = 15.6, 6.0 Hz), 3.28 (dd,
1H, CHCHHCO2H, J = 16.8, 6.9 Hz), 3.59 (dd, 1H,
CHCHHCO2H, J = 16.8, 10.5 Hz), 3.98 (m, 4H,
(CH2O)2), 5.17 (m, 1H), 6.89 (d, 2H, Ar, J = 8.4 Hz),
6.93 (d, 2H, Ar, J = 8.4 Hz), 7.60 (d, 2H, Ar,
J = 8,7 Hz), 7.85 (d, 2H, Ar, J = 8.7 Hz); 13C NMR
(75 MHz, CDCl3/DMSO-d6) δ 14.0, 22.5, 25.8, 25.9,
28.9, 29.0, 29.1, 31.7, 37.5, 40.4, 68.1, 68.2, 76.3, 114.4,
114.6, 121.3, 122.4, 128.3, 129.5, 156.4, 160.8, 162.7,
166.3, 168.8 (two aliphatic signals are missing); IR
3228, 2924, 2854, 1787, 1684, 1608, 1517, 1464, 1377,
1254, 1176, 1098, 1015, 876, 834, 812, 722, 666; ele-
mental analysis (%) for C32H44N2O6 ( 552.27): calcd C
69.53, H 8.02, N 5.06; found C 68.93, H 8.03, N 4.79.
6.2.3. 3,7a-bis(4-Octyloxyphenyl)-7,7a-dihydro-6H-
isoxazolo[2,3-d][1,2,4]oxadiazol-6-yl)acetic acid
(7b).
Yield: 0.68g, 48%; white solid; EI-MS: m/z 581
([M+H]+) 495, 249 (100%), 135, 120, 107. 1H NMR
(300 MHz, CDCl3) δ 0.89 (m, 6H, (CH3)2), 1.40
(m, 20H, (CH2)10), 1.79 (m, 4H, (CH2CH2O)2), 2.87
(dd, 1H, NCCHHCH, J = 15.6, 7.5 Hz), 3.05 (dd,
1H, NCCHHCH, J = 15.6, 6.0 Hz), 3.24 (dd, 1H,
CHCHHCO2H, J = 16.8, 6.9 Hz), 3.56 (dd, 1H,
CHCHHCO2H, J = 16.8, 10.5 Hz), 3.98 (m, 4H,
(CH2O)2), 5.16 (m, 1H), 6.88 (d, 2H, Ar, J = 8.7 Hz),
6.91 (d, 2H, Ar, J = 8.4 Hz), 7.60 (d, 2H, Ar,
J = 8,7 Hz), 7.85 (d, 2H, Ar, J = 8.7 Hz); 13C NMR
(75 MHz, CDCl3/DMSO-d6) δ 14.0, 22.6, 25.8, 25.9,
29.0, 29.1, 29.2, 29.3, 31.7, 37.5, 40.4, 68.1, 68.2, 76.2,
114.4, 114.6, 121.2, 122.2, 128.3, 129.5, 156.4, 160.8,
162.8, 166.4, 168.8 (three aliphatic signals are missing);
IR 3228, 2924, 2854, 1785, 1684, 1609, 1518, 1464,
1377, 1255, 1176, 1099, 1017, 877, 834, 812, 722, 666;
elemental analysis (%) for C34H48N2O6 (580.76): calcd
C 70.32, H 8.33, N 4.82; found C 70.28, H 8.46, N 4.84.
6.2.4. 3,7a-bis(4-Nonyloxyphenyl)-7,7a-dihydro-6H-
isoxazolo[2,3-d][1,2,4]oxadiazol-6-yl)acetic
acid (7c).
Yield: 0.72g, 50%; white solid; EI-MS: m/z 609
([M+H]+) 523, 262 (100%), 135, 120, 107. 1H NMR
(300 MHz, CDCl3) δ 0.89 (m, 6H, (CH3)2), 1.39
(m, 24H, (CH2)12), 1.79 (m, 4H, (CH2CH2O)2), 2.88
(dd, 1H, NCCHHCH, J = 15.6, 7.5 Hz), 3.05 (dd,
1H, NCCHHCH, J = 15.6, 6.0 Hz), 3.25 (dd, 1H,
CHCHHCO2H, J = 16.8, 6.9 Hz), 3.58 (dd, 1H,
CHCHHCO2H, J = 16.8, 10.5 Hz), 3.98 (m, 4H,
(CH2O)2), 5.17 (m, 1H), 6.91 (m, 4H, Ar), 7.60 (d, 2H,
Ar, J = 8,7 Hz), 7.78 (d, 2H, Ar, J = 8.7 Hz); 13CNMR
(75 MHz, CDCl3/DMSO-d6) δ 14.2, 22.7, 25.8, 29.1,
29.2, 29.3, 29.4, 29.5, 31.8, 37.5, 40.4, 68.2, 68.3, 76.3,
114.3, 114.7, 121.3, 122.4, 128.3, 129.8, 156.4, 160.8,
162.5, 166.3, 168.9 (five aliphatic signals are missing);
IR 3229, 2924, 2854, 1785, 1684, 1609, 1518, 1464,
1377, 1256, 1176, 1098, 1016, 878, 834, 813, 722, 666;
elemental analysis (%) for C36H52N2O6 (608.82): calcd
C 71.02, H 8.61, N 4.60; found C 71.06, H 8.72, N 4.59.
6.2.5. 3,7a-bis(4-Decyloxyphenyl)-7,7a-dihydro-6H-
isoxazolo[2,3-d][1,2,4]oxadiazol-6-yl)acetic acid
(7d).
Yield: 0.72g, 47%; white solid; EI-MS: m/z 637
([M+H]+) 551, 276, 135 (100%), 120, 107. 1H NMR
(300 MHz, CDCl3) δ 0.88 (m, 6H, (CH3)2), 1.39
(m, 28H, (CH2)14), 1.79 (m, 4H, (CH2CH2O)2), 2.87
(dd, 1H, NCCHHCH, J = 15.6, 7.5 Hz), 3.06 (dd,
1H, NCCHHCH, J = 15.6, 6.0 Hz), 3.25 (dd, 1H,
CHCHHCO2H, J = 16.8, 6.9 Hz), 3.57 (dd, 1H,
CHCHHCO2H, J = 16.8, 10.5 Hz), 3.98 (m, 4H,
(CH2O)2), 5.17 (m, 1H), 6.91 (m, 4H, Ar), 7.58 (d,
2H, Ar, J = 8,7 Hz), 7.80 (d, 2H, Ar, J = 8.7 Hz); 13C
NMR (75 MHz, CDCl3/DMSO-d6) δ 14.0, 22.2, 25.5,
25.9, 28.6, 28.7, 28.8, 28.9, 29.0, 31.4, 37.2, 40.0, 67.6,
67.7, 76.0, 113.7, 114.2, 121.0, 122.4, 127.8, 129.3,
155.9, 160.3, 161.9, 166.3, 168.2 (six aliphatic signals
are missing); IR 3228, 2924, 2854, 1787, 1684, 1609,
1517, 1464, 1377, 1256, 1176, 1097, 1017, 876, 834,
812, 722, 666; elemental analysis (%) for C38H56N2O6
(636.87): calcd C 71.67, H 8.86, N 4.40; found C 71.63,
H 8.90, N 4.32.
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